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SUMMARY
We have constructed a hybrid plasmid molecule that contains the complete coding sequences from the 26S mRNA of Semliki Forest virus. Five fragments which together covered the mRNA sequence were isolated from three original hybrid plasmids and joined together at five different restriction endonuclease cleavage sites using T4 DNA ligase.
To study the structure, synthesis and function of membrane proteins, especially plasma membrane proteins, we have used the Semliki Forest virus (SFV) as a model system (Garoff & Simons, 1980; K~i[iri~iinen & Renkonen, 1977) . The nucleocapsid of this virus is surrounded by a membrane which is acquired from the plasma membrane of the host cell during virus assembly. Three membrane proteins are present in the virus envelope and these are, together with the nucleocapsid protein, translated sequentially from a 26S RNA molecule and released through proteolytic cleavages. The 26S RNA molecule is homologous to the 3' end of the viral genome, a 42S RNA molecule, and both RNAs are produced in large amounts in cells infected with SFV.
In recent papers (Garoff et al., 1980a, b) we described the construction and sequence analysis of three overlapping hybrid plasmids, designated pBR SFV 1, 2 and 3 which together contain the complete 26S RNA sequence. Here, we report the joining of the 26S RNA sequences present in these plasmids into a single contiguous sequence covering the total coding region of the mRNA molecule. This new plasmid, designated pBR SFV should in future be a useful probe to study the structure, synthesis and function of the SFV membrane proteins with the aid of genetic engineering and DNA expression in eukaryotic cells (see Mulligan & Berg, 1980) . The three hybrid plasmids pBR SFV 1, 2 and 3 contain overlapping DNA segments of the 26S RNA which are inserted in the same orientation in the PstI site ofpBR322 (see Fig. 1 ). An examination of their restriction maps (Fig. 1, top) shows that the common cleavage sites for HinfI in pBR SFV1 and SFV2, and EeoRI in pBR SFV2 and SFV3, together with the unique sites for HindlII, XhoI and BamHI can be used conveniently to construct a new hybrid plasmid which contains the complete coding region of the 26S RNA. To this end we isolated (from low melting agarose gels, see Wieslander 1979) and joined (using T4 DNA ligase) the 3312 bp BamHI-HindlII and the 1218 bp HindlII-HinfI fragments from SFV1, the 1410 bp HinfI-EcoRI fragment from SFV2 and the 408 bp EcoRI-XhoI and the 2352 bp XhoI-BamHI fragments from SFV3 (see Fig. 1 ). Since the five restriction endonucleases used all produce different sticky ends, a direct ligation of the five fragments should yield a unique circular DNA molecule with the correct structure in addition to several incorrect ones involving inverted repeats. To avoid possible difficulties in screening for correct hybrid plasmid clones, we decided to perform the ligation in a stepwise fashion as well so as to increase the yield of correct ligation products in the final mixture to be used for transformation.
In the stepwise ligation procedure the BamHI-HindlII fragment was first joined to the HindlII-HinfI fragment and the HinfI-EcoRI fragment to the EcoRI-XhoI fragment. In each case about 30% of the DNA fragments were joined into the correct product, i. fragment in the BamHI-HindlII/HindlII-HinfI ligation and a 1818 bp fragment in the HinfI-EcoRI/EcoRI-XhoI ligation. These fragments were isolated and used for a final ligation reaction together with the XhoI-BamHI fragment (a three-fragment ligation).
Aliquots of both the three and the five fragment ligation mixtures were used to transform the Escherichia coli strains K514 and X1776 (Villa-Komaroff et al., 1978) . Three tetracycfine-resistant clones from each transformation experiment were picked, grown up and hybrid plasmids analysed for size and by restriction endonuclease mapping. Electrophoresis of the hybrid plasmids on an agarose gel showed that all six plasmids isolated from stra{n X1776, regardless of whether they arose from transformation with a five-fragment ligation mixture (plasmids designated I to III) or a three-fragment ligation mixture (plasmids IV to VI), were of the same size and significantly larger than the hybrid plasmid pBR SFV2 which was used as a size marker (6650 bp, see Fig. 1 ). Two of the plasmids (VII, VIII) isolated from strain K514 transformed with the three-fragment ligation mixture appeared identical in size to those isolated from X 1776, whereas one (IX) was significantly smaller. In contrast, all three plasmids (X to XII) isolated from E. coli K514 transformed with the five-fragment ligation mixture were much too small to be correct. Restriction endonuclease digestion analyses of the large hybrid plasmid DNAs (I to VIII) with BamHI, HindIII, HinfI, EcoRI and XhoI showed that they all contained the five fragments used in our ligations in the correct order and orientation and, thus, represented the desired new construction pBR SFV. Correctly ligated hybrid plasmids should yield: (i) fragments of 2135 bp, 1594 bp, 1553 bp and 697 bp from the insert region in addition to several smaller fragments from the vector portion when digested with HinfI; (ii) a 5042 bp and a 3658 bp fragment when digested with HindIII; (iii) 6327 bp, 1355 bp and 1028 bp fragments when digested with EcoRI and (iv) they should be linearized with BamHI and XhoI. Fig. 2 shows that the expected HinfI, HindIII and EcoRI restriction endonuclease fragments are generated from each large plasmid analysed. These were also linearized with BamHI and XhoI (not shown).
Analyses of the small-sized hybrid plasmid clones (IX to XII) showed that most or all of the fragments expected to be generated from the insert region of a correctly ligated DNA molecule were lacking, e.g. the 2135 bp, 1594 bp, 1553 bp and 697 bp HinfI fragments. The fragments seen were those expected from the vector portion in addition to one or several fragments with aberrant sizes. These incorrect plasmids might have been generated through in vivo rearrangements of ligation products containing inverted repeats. They appeared to be formed especially in strain K514 transformed with a five-fragment ligation mixture. The reason why these rearrangements were only found in strain K514 and not in X1776 cannot be explained.
The new hybrid plasmid pBR SFV contains, in addition to an intact coding region for all the structural proteins of SFV, the complete non-coding region of the mRNA at both the 5' end and at the 3' end, with the exception of the 10 bp segment between the two HindIII sites close to the 3' end (see top of Fig. 1) (Garoff et al., 1980b) . Included inpBR SFV is also a 250 bp fragment which corresponds to the region immediately upstream from the 26S RNA transcription initiation site on the 42S RNA molecule (H. Riedel, H. Lehrach & H. Garoff, unpublished results) . Cleavage ofpBR SFV with HindIII and EcoRI (at the left EcoRI site, see Fig. 1, top) releases the whole 26S RNA coding region in an EcoRI-HindIII restriction endonuclease fragment which can conveniently be engineered into eukaryotic (Mulligan & Berg, 1980) and prokaryotic (Guarente et al., 1980) The restriction endonuclease EcoRI was a gift from V. Pirrotta (EMBL); the E. coli strains K514 and X1776 were kindly provided by M. Zabeau (EMBL) and H. Lehrach (EMBL). We thank M. Zabeau, Hans Lehrach, V. Pirrotta and K. Simons for valuable advice and support throughout this work. C.K.-K. is especially grateful to A.-M. Frischauf (EMBL) for introduction into techniques in molecular cloning. C.K.-K. is a postdoctoral fellow supported by the Deutsche Forschungsgemeinschaft. This work has been done according to the German guidelines for recombinant DNA research. 14) . The lengths of the fragments derived from pBR SFV are indicated. All restriction endonuclease digestions were performed essentially as described by the suppliers of the restriction endonucleases (Boehringer and New England Biolabs). t~ 4~ .....I
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